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The cornified cell envelope (CCE) is an insoluble matrix of covalently linked proteins assembled in differentiating
keratinocytes, providing a barrier against external insults. CCEs derived from HPV 11-infected tissue are fragile compared
to those derived from healthy epithelium. To study a possible role for the E1 Ù E4 protein, HPV 11-infected epithelium was
examined for the distribution of this protein and three CCE proteins. CCEs were then purified from genital epithelium,
fragmented, washed to remove nonassociated proteins, and analyzed for E1 Ù E4 protein. In HPV 11-infected tissue, the E1 Ù E4
protein was detected in the region of the CCE in differentiated keratinocytes. Loricrin and cytokeratin 10 (K10) were absent
in E1 Ù E4-positive cells, and E1 Ù E4 protein was not detected in cells containing these proteins. E1 Ù E4 protein was detected
in immunoblots as a 10- to 11-kDa doublet in extracts of intact CCEs from infected tissue and in extracts of CCE fragments
prepared without using reducing agents. Extraction with reducing agents eliminated E1 Ù E4 detection, suggesting that
disulfide bonding was involved in the association with CCE fragments. In addition, cyanogen bromide degradation experi-
ments, immunofluorescence, and immunoelectron microscopy provided evidence that E1 Ù E4 protein was associated with
CCE fragments by covalent bonds other than disulfide bonds. We conclude that E1 Ù E4 protein expression is associated with
profound alterations in detection of loricrin and K10 in HPV 11-infected genital epithelium. The E1 Ù E4 protein copurified with
CCEs derived from infected epithelium and could be identified in CCE fragments, suggesting a possible role for E1 Ù E4 in the
development of CCE abnormalities. © 2000 Academic Press
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Cornified cell envelopes (CCEs) isolated from HPV
11-infected epithelial tissues differ from those isolated
from uninfected epithelial tissue in ways that could facil-
itate transmission of virus from person to person (Brown
and Bryan, 2000). These abnormalities, including a thin-
ner wall, increased fragility, and morphological alter-
ations, can collectively be considered another cytopathic
effect induced by HPV 11 infection. Our previous data
indicate that loricrin, the most abundant CCE protein, is
abnormally distributed in HPV 11-infected genital epithe-
lium (Brown and Bryan, 2000). The mechanisms used by
HPV 11 to induce abnormalities in CCEs are not known,
but it is possible that viral proteins are involved.
The HPV 11 E1 Ù E4 spliced transcript encodes an 11-
Da phosphoprotein of unknown function (Bryan et al.,
2000; Nasseri et al., 1987). The HPV 11 E1 Ù E4 protein
self-oligomerizes through noncovalent bonding (Bryan et
l., 1998). The bicistronic E1 Ù E4 Ù L1 transcript of HPV 11
ncodes both the E1 Ù E4 protein and the L1 major capsid
rotein (Brown et al., 1996; Bryan et al., 2000). The HPV
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2621 E1 Ù E4 protein is detected in differentiated keratino-
ytes in the cytoplasm, concentrated near the CCE, while
he L1 protein is detected in nuclei, where virus assem-
ly occurs (Brown et al., 1994). Colocalization of the two
proteins in differentiated keratinocytes suggests a role
for the E1 Ù E4 protein in the late stages of the viral
developmental cycle.
For the E1 Ù E4 proteins of HPV types 1 and 16, in vitro
studies indicated an interaction with intermediate fila-
ment proteins (Doorbar et al., 1991, 1996; Roberts et al.,
1994, 1997). However, in vivo studies did not confirm an
association with intermediate filaments (Doorbar et al.,
991, 1996; Roberts et al., 1994, 1997).
A possible role for the E1 Ù E4 protein may involve
ssociation with the CCE. Such an association could
ontribute to the abnormalities of the CCE proteins iso-
ated from HPV 11-infected genital epithelium. In this
tudy, we analyzed HPV 11-infected genital tissues to
etermine whether CCE proteins were abnormally ex-
ressed in the cells containing detectable levels of
1 Ù E4 protein. CCEs were then purified from infected
genital epithelium, fragmented, and analyzed for evi-
dence of association with the E1 Ù E4 protein. Further
tudies were performed to examine the potential mech-
Ùnisms of E1 E4 association with purified CCE frag-
ments.
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263E1 Ù E4 PROTEIN AND CCEsRESULTS
CE proteins are abnormally distributed in E1 Ù E4-
ositive cells
To correlate the distribution of CCE proteins with that
f E1 Ù E4 protein expression, histologic and immunohis-
ochemical analyses were performed on foreskin tissue
nd genital lesions removed from three patients (Fig. 1).
ll three lesions contained histologic features of condy-
omata acuminata (Fig. 1E, shown for one of the three
esions) and abundant HPV 11 DNA, determined by a
CR/reverse blot strip assay (Gravitt et al., 2000).
Loricrin was detected in foreskin tissue as uniform
ytoplasmic staining of differentiated keratinocytes (Fig.
B). In condylomata acuminata lesions, loricrin was dis-
ributed unevenly in the differentiated layers of epithe-
ium (Fig. 1F). Large areas of the lesions were devoid of
oricrin, even in the most superficial layers of epithelium.
Cytokeratin 10 (K10) was detected in foreskin tissue as
niform staining of the cytoplasm of suprabasal keratin-
cytes (Fig. 1C). In condylomata acuminata lesions, K10
as distributed unevenly in the differentiated layers of
pithelium, near the periphery of differentiated keratino-
ytes (Fig. 1G). As with loricrin, large areas of the lesions
ere devoid of K10, even in the most superficial layers of
pithelium.
Involucrin was detected in the cytoplasm of supra-
asal keratinocytes of foreskin tissue (Fig. 1D). Involucrin
as detected in the cytoplasm of the suprabasal layers
f epithelium in the HPV 11-infected condylomata acumi-
ata lesions (Fig. 1H). Compared to uninfected epithe-
ium, involucrin detection in the most differentiated layers
as somewhat reduced.
Analysis of condylomata acuminata lesions showed
hat E1 Ù E4 protein was concentrated near the periphery
of differentiated keratinocytes, in the region of the CCE
(Fig. 2). In tissues examined for CCE proteins, cells
Ù
FIG. 1. Histologic and immunohistochemical analysis of normal hum
lesion (E, F, G, and H) to detect CCE proteins. (A and E) Hematoxylin a
and H) Detection of involucrin. Arrows indicate the basal layer of epithpositive for E1 E4 protein were completely devoid of
detectable loricrin (Fig. 3). Likewise, loricrin-positive
p
wcells contained no detectable E1 Ù E4 protein. This mutual
exclusion was regional, meaning that large areas of
tissue contained either E1 Ù E4-positive cells or loricrin-
positive cells, but not both. The mutual exclusion was
also present on a cell-by-cell basis. A mutual exclusion
was also seen for K10 and E1 Ù E4 protein (Fig. 4). All three
ondylomata acuminata lesions displayed mutual exclu-
ion of loricrin (or K10) and E1 Ù E4 protein (shown for one
of the three lesions). No specific abnormalities of involu-
crin distribution were apparent in individual E1 Ù E4-pos-
tive cells of the condylomata acuminata lesions (not
hown).
he E1 Ù E4 protein copurifies with CCEs
Athymic mouse xenografts of human foreskin provide
a source of abundant HPV 11-infected tissue. CCEs were
therefore isolated from athymic mouse xenografts as
described under Materials and Methods. Some were left
intact (not sonicated). The remainder were fragmented
by sonication. Phase-contrast microscopy showed that
less than 1% remained intact after sonication (not
shown). A portion of the CCE fragments was extracted
using reducing agents. CCE preparations were then sol-
ubilized in Laemmli buffer (Laemmli, 1970) and sepa-
rated by 15% SDS–PAGE.
Immunoblots were performed to determine whether
the E1 Ù E4 protein was present in CCE preparations.
Abundant E1 Ù E4 protein was detected in immunoblots of
intact CCE preparations and in CCE fragments prepared
without the use of reducing agents (Fig. 5, Lanes 1 and
2). A prominent doublet at 10/11 kDa was present, as well
as faint bands at approximately 20 and 30 kDa. In con-
trast, no E1 Ù E4 protein was detected in the immunoblot
f CCE fragments prepared using reducing agents (Fig.
, Lane 3).
Immunoblots were also performed on CCE fragments
eskin (A, B, C, and D) and an HPV 11-infected condyloma acuminata
in stain. (B and F) Detection of loricrin. (C and G) Detection of K10. (D
Original magnification, 2003.an forurified using reducing agents, followed by degradation
ith cyanogen bromide. Highly purified CCE fragments
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264 BRYAN AND BROWNare completely insoluble, but can be cleaved by cyano-
gen bromide to yield variable sized, soluble peptides
derived from numerous CCE proteins (Yaffe et al., 1993).
yanogen bromide cleaves proteins after methionine
esidues. The resulting range of soluble, cross-linked,
nd uncross-linked peptides can then be resolved by
DS–PAGE. Our initial analysis of cyanogen bromide-
egraded CCE fragments was performed using 15%
DS–PAGE. However, proteins did not adequately re-
olve, and repeat experiments were therefore done us-
ng 10% SDS–PAGE.
CCE fragments prepared using reducing agents con-
ained no soluble protein, as demonstrated on the silver-
tained 10% SDS–PAGE gel (Fig. 6A, Lane 1). Therefore,
s expected, the immunoblot of these CCE fragments
as negative for E1 Ù E4 protein (Fig. 6C, Lane 1). Cyano-
en bromide degradation of these CCE fragments
ielded a smear of multiple-sized peptides on the silver
tain gel (Fig. 6A, Lane 2). Anti-E1 Ù E4 immunoreactive
peptides were detected throughout this broad smear
(Fig. 6C, Lane 2). A covalent linkage of E1 Ù E4 protein to
he CCE protein matrix would predict such an immuno-
FIG. 2. Immunohistochemical analysis of an HPV 11-infected condy
Distribution of E1 Ù E4 protein in the differentiated layers of epithelium (
4003) showing the distribution of E1 Ù E4 protein in the region of the C
FIG. 3. Immunohistochemical analysis of an HPV 11-infected condyl
etection. (A and D) 1003 and 4003 magnification, detection of E1 Ù E4
F) Superimposed images illustrating detection of E1 Ù E4 protein (purp
indicate the position of individual E1 Ù E4-positive cells.lot result. Yaffe et al. (1993) described a similar immu-
oreactive pattern for involucrin in cyanogen bromide-egraded CCEs. In addition to the broad immunoreactive
mear, we noted two areas with enhanced staining at
pproximately 60 and 75 kDa in the blot probed with
nti-E1 Ù E4 serum (Fig. 6C, Lane 2). This observation
suggested a concentration of E1 Ù E4-linked peptides at
hese molecular masses. CCE fragments derived from
ninfected genital epithelium showed no reactivity with
reimmune rabbit serum or anti-E1 Ù E4 serum (not
hown). Immunoblots of CCE fragments prepared from
PV 11-infected genital epithelium using preimmune
abbit serum demonstrated no reactivity before or after
yanogen bromide degradation (Fig. 6B, Lanes 1 and 2).
he E1 Ù E4 protein is present in purified CCE
fragments
Immunofluorescence (IF) analysis using anti-involucrin
and anti-E1 Ù E4 sera showed that both proteins were
present in CCE fragments derived from HPV 11-infected
epithelium (Fig. 7). Involucrin was chosen as a control for
identification of the CCE protein matrix in this assay be-
cuminata lesion to illustrate the distribution of the E1 Ù E4 protein. (A)
d by the arrow). Original magnification, 403. (B) Higher magnification
dicated by the arrow).
uminata lesion to illustrate the mutual exclusion of E1 Ù E4 and loricrin
. (B and E) 1003 and 4003 magnification, detection of loricrin. (C and
r) and loricrin (brown color). Arrows and arrowheads in each panelloma a
indicate
CE (in
oma ac
proteincause the immunohistochemical studies demonstrated
generally uniform distribution in HPV 11-infected epithe-
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265E1 Ù E4 PROTEIN AND CCEslium. Involucrin was identified in all CCE fragment prepa-
rations by IF, making involucrin a suitable control protein.
Anti-involucrin antibodies reacted well with CCE frag-
ments from HPV 11-infected tissue, while only weak back-
FIG. 4. Immunohistochemical analysis of an HPV 11-infected condy
detection. (A and D) 1003 and 4003 magnification, detection of E1 Ù E4
uperimposed images illustrating detection of E1 Ù E4 protein (purple co
an individual K10-positive cell. The arrowhead in each panel indicates
FIG. 7. Detection of E1 Ù E4 protein by immunofluorescence in CCE
CEs were purified in 0.2% EBN, disrupted by sonication, and then ex
as then further extracted with 0.2% EB (containing reducing agents) (E
nd preimmune rabbit serum or anti-E1 Ù E4 serum, followed by a secon
econdary antibodies. Fragments were analyzed at 590-nm wavelength
) Photomicrographs of CCE fragments purified with 0.2% EBN and in
C and D) Photomicrograph of CCE fragments purified with 0.2% EBN a
and F) Photomicrograph of CCE fragments purified with 0.2% EB (cont
and anti-E1 Ù E4 serum. Original magnification, 10003.ground green fluorescence was seen using preimmune
rabbit serum (Figs. 7A and 7B). CCE fragments from HPV11-infected tissues purified without the use of reducing
agents fluoresced strongly with both anti-involucrin and
anti-E1 Ù E4 sera (Figs. 7C and 7D), while CCE fragment
purification in the presence of reducing agents led to a
Ù
cuminata lesion to illustrate the mutual exclusion of E1 Ù E4 and K10
. (B and E) 1003 and 4003 magnification, detection of K10. (C and F)
d K10 (brown color). The arrow in A, B, and C indicates the position of
sition of an individual E1 Ù E4-positive cell.
ts derived from HPV 11-infected athymic mouse foreskin xenografts.
again in 0.2% EBN (A, B, C, and D). A portion of the sonicated CCEs
. CCE fragments were incubated with mouse anti-involucrin antibodies
ation with rhodamine-labeled anti-mouse and FITC-labeled anti-rabbit
mine appears red) or 488-nm wavelength (FITC appears green). (A and
with mouse anti-involucrin antibodies and preimmune rabbit serum.
bated with mouse anti-involucrin antibodies and anti-E1 Ù E4 serum. (E
educing agents) and incubated with mouse anti-involucrin antibodiesloma a
protein
lor) an
the po
fragmen
tracted
and F)
d incub
(rhoda
cubated
nd incumoderate reduction of fluorescence with anti-E1 E4 serum
but consistent fluorescence with anti-involucrin antibodies
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266 BRYAN AND BROWN(Figs. 7E and 7F). Weak background green fluorescence
was seen in CCE fragments derived from uninfected epi-
thelium using anti-E1 Ù E4 serum (not shown).
In the immunoelectron microscopy studies, numerous
fields were examined for each antibody/CCE fragment
combination. Two examples are shown in Fig. 8 for each
combination. Involucrin was used as a control for CCE
protein detection. This protein was identified in nearly all
FIG. 5. Immunoblot analysis of intact CCEs and CCE fragments derived
from HPV 11-infected athymic mouse foreskin xenografts. Anti-E1 Ù E4 se-
rum was used to identify the E1 Ù E4 protein in intact (unsonicated) CCEs
Lane 1), CCE fragments extracted in 0.2% EBN (Lane 2), and CCE frag-
ents extracted in 0.2% EB (containing reducing agents) (Lane 3). Molec-
lar mass markers (in kDa) are shown on the left side of the figure.
FIG. 6. 10% SDS–PAGE/silver stain (A) and immunoblots (B, preim-
une rabbit serum; C, anti-E1 Ù E4 serum) of proteins derived from CCE
ragments purified using reducing agents. Lane 1, CCE fragments
efore degradation with cyanogen bromide. Lane 2, CCE fragments
egraded with cyanogen bromide. Molecular mass markers (in kDa)
re shown on the left side of the figure. Arrows in C indicate two areas
f enhanced staining in the smear at approximately 60 and 75 kDa inb
e
he blot probed with anti-E1 Ù E4 serum, suggesting a concentration of
E1 Ù E4-linked peptides at these molecular masses.CCE fragment preparations by decoration with 5-nm gold
beads (Fig. 8, all panels). Within each CCE fragment
preparation, individual fragments displayed somewhat
variable degrees of involucrin detection. This can be best
seen in Fig. 8, Panels 2a and 2b, where little involucrin
was detected in Panel 2a compared to Panel 2b.
For E1 Ù E4 protein detection, incubation with preim-
mune rabbit serum led to minimal decoration with 15-nm
gold beads (Fig. 8, Panels 1a and 1b). E1 Ù E4 protein was
detected in abundance in CCE fragments prepared with-
out reducing agents (Fig. 8, Panels 2a and 2b) and in the
presence of reducing agents (Fig. 8, Panels 3a and 3b).
As mentioned above, Panels 3a and 3b illustrate two
examples of the numerous fields examined. Our general
impression was that E1 Ù E4 protein detection was some-
hat reduced in CCE fragments prepared in the pres-
nce of reducing agents.
In some cases, decoration of CCE fragments was
ore or less than in others, but we made our conclu-
ions only after examining numerous fields by EM. The
ignificance of the study is not in the number of beads,
FIG. 8. Immunoelectron microscopic analysis of CCE fragments derived
from HPV 11-infected athymic mouse foreskin xenografts. (1a/b) Two
electron photomicrographs of CCE fragments purified with 0.2% EBN,
incubated with mouse anti-involucrin antibodies and preimmune rabbit
serum, and then decorated with 5-nm gold bead-labeled anti-mouse an-
tibodies and 15-nm gold bead-labeled anti-rabbit antibodies. (2a/b) Two
micrographs of CCE fragments purified with 0.2% EBN, incubated with
mouse anti-involucrin antibodies and anti-E1 Ù E4 rabbit serum, and then
decorated as above. (3a/b) Two electron photomicrographs of CCE frag-
ments purified with 0.2% EB (containing reducing agents), incubated with
mouse anti-involucrin antibodies and anti-E1 Ù E4 rabbit serum, and then
decorated as above. Original magnification, 34,0003.ut rather the detection of proteins based on the pres-
nce of beads. Our IEM study provides strong evidence
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267E1 Ù E4 PROTEIN AND CCEsthat the E1 Ù E4 protein is present in CCE fragments that
ave been treated so vigorously that few, if any, soluble
roteins remain. The conclusion is that E1 Ù E4 is cross-
linked within the CCE.
DISCUSSION
Keratinocytes exit the cell cycle in the suprabasal
layers of epithelium and undergo the process of differ-
entiation that includes expression of protein components
of the CCE (Rice and Green, 1977). The CCE consists of
covalently cross-linked proteins in a sheath adjacent to
the interior surface of the keratinocyte cell membrane
(Nemes and Steinert, 1999). The end-point of differentia-
tion and keratinization is a layer of flattened, enucleated
CCEs, protecting against water loss, mechanical injury,
and invasion by microbes. Analysis of CCEs has dem-
onstrated the presence of loricrin, involucrin, K10, small
proline-rich proteins, and other proteins covalently linked
through transglutamination and disulfide bonds (Candi et
al., 1995; Marvin et al., 1992; Ming et al., 1994; Robinson
et al., 1997; Steinert et al., 1998; Steinert and Marekov,
997; Yaffe et al., 1993).
Because HPV virions are assembled in nuclei of differ-
ntiated keratinocytes, a durable CCE would be seemingly
etrimental to virion release. To spread virus to new hosts,
mechanism must exist for exiting the nucleus and the
CE structure. Our previous immunohistochemical analysis
uggested that a profound alteration in loricrin distribution
ccurs in HPV 11-infected epithelium (Brown and Bryan,
000). In the current study, we show that on a cell-by-cell
asis, the detection of the E1 Ù E4 protein and the detection
f loricrin, the major protein component of CCEs, are mu-
ually exclusive. A similar mutual exclusion was noted for
1 Ù E4 and K10. Interestingly, abnormal distribution of cyto-
keratins has also been described for lesions infected with
HPV types 1 and 16 in regions of E1 Ù E4 protein detection
(Doorbar et al., 1997). These authors did not perform stud-
ies for detection of loricrin, the major protein component of
the CCE (Doorbar et al., 1997).
It is possible that abnormalities of loricrin and K10
expression could contribute to the altered mechanical
features of CCEs isolated from HPV 11-infected epithe-
lium. CCEs from healthy human genital epithelium are
composed of 65 to 70% loricrin (Steven and Steinert,
1994). Alterations in the expression pattern of loricrin in
numerous dermatological disorders have been observed
(Hohl, 1993). Keratin intermediate filaments represent a
small percentage of CCE proteins, but may serve an
important role as anchors to the CCE through isopeptide
crosslinking (Candi et al., 1998; Ming et al., 1994). Involu-
crin did not appear to be distributed abnormally in HPV
11-infected tissue, although the dense staining in the
most differentiated layers of healthy epithelium was not
observed in the infected tissues. Additional CCE proteins
such as the small proline-rich proteins may also displayaltered distribution in E1 Ù E4-positive cells. However,
hese possibilities have not been tested as we have not
erformed a comprehensive examination of CCE protein
xpression in HPV 11-infected epithelium. The reasons
or the mutual exclusion of E1 Ù E4 with loricrin and K10
roteins are not apparent, but studies are under way to
etermine the mechanisms involved.
This is the first demonstration of an association of the
1 Ù E4 protein with any keratinocyte structure in vivo. The
function of the E1 Ù E4 protein has not been determined, and
ur study does not prove that the HPV 11 E1 Ù E4 protein
auses abnormalities of CCEs. Several previous reports
ave shown that the E1 Ù E4 proteins of HPV types 1 and 16
ssociate with the keratinocyte intermediate filament net-
ork of undifferentiated keratinocytes when expressed in
itro and cause disruption of the network in some cases
Doorbar et al., 1991; Roberts et al., 1994, 1997). In contrast
o the in vitro experiments, Doorbar et al. (1996) showed
hat the HPV 1 E1 Ù E4 protein does not associate with
intermediate filaments in natural plantar wart tissue.
Disulfide bonding plays an important role in formation
of the CCE (Candi et al., 1999; Hohl et al., 1991) and may
e important in the association of E1 Ù E4 protein with the
CCE structure. As the keratinization process occurs, di-
sulfide bonds are formed from free sulfhydryl groups at
the interface of the living layers of epithelium with the
stratum corneum (Yamada et al., 1987). The activity of the
enzyme responsible for this process, sulfhydryl oxidase,
is concentrated in the stratum granulosum (Yamada et
al., 1987). In this epithelial layer, development of the CCE
begins, and the E1 Ù E4 protein is first detected. It is
herefore possible that E1 Ù E4 protein is linked to CCE
omponents by the action of sulfhydryl oxidase in the
tratum granulosum. Our data support the hypothesis
hat at least a portion of E1 Ù E4 protein association with
CEs occurs through disulfide bonding.
In summary, profound abnormalities of expression of two
CE proteins, loricrin and K10, were observed in E1 Ù E4-
xpressing cells in HPV 11-infected epithelium. Purification
f CCEs from infected tissue revealed an association of
1 Ù E4 protein with the CCE structure. Disulfide bonding
appears to be important in this association. Further studies
will characterize the direct effects of E1 Ù E4 protein expres-
ion on the CCE using in vitro models.
MATERIALS AND METHODS
mmunohistochemical analysis of epithelial tissue for
CE proteins
Human genital epithelium was analyzed by immuno-
istochemistry for the presence and distribution of E1 Ù E4
and three CCE proteins. The tissues examined included
three condylomata acuminata lesions, all containing
abundant HPV 11 as determined by a PCR/reverse blot
strip assay (Brown et al., 1999; Gravitt et al., 2000). Zinc
formalin-fixed paraffin-embedded sections were depar-
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268 BRYAN AND BROWNaffinized with xylene and then with ethanol and water.
One section from each biopsy was stained with hema-
toxylin and eosin for examination of tissue histology.
Additional sections were used in immunohistochemical
assays. The antibodies used were a rabbit polyclonal
antiserum against a 14-amino-acid peptide found in lori-
crin (BAbCo, Richmond, CA), mouse monoclonal antibod-
ies against involucrin and K10 (Novacastra, Newcastle
upon Tyne, UK), and a rabbit polyclonal antiserum
against a bacterially expressed HPV 11 trpE-E1 Ù E4 fu-
sion protein (Brown et al., 1994).
To detect E1 Ù E4 protein, involucrin, and K10 in tissues,
he “Microwave Calibration Protocol” was used with the
ntigen Retrieval Citra Solution (BioGenex, San Ramon,
A). Following this procedure, slides were incubated in
.1% trypsin in Tris–HCl, pH 7.8, with 0.1% CaCl2 for 5 min.
These steps were not used for detection of loricrin, as
they did not enhance detection. Primary antibodies were
added at a dilution of 1:500 for 16 h at room temperature.
The Vectastain ABC kit (Vector Laboratories, Burlingame,
CA) was used to detect antibody binding to E1 Ù E4 and
CE proteins according to the manufacturer’s instruc-
ions. Areas of anti-E1 Ù E4 antibody binding, detected
sing Vectastain VIP, were identified by light microscopy
s purple staining of differentiated keratinocytes. CCE
roteins, detected by Vectastain DAB, were identified as
rown staining of suprabasal keratinocytes.
reparation of purified CCEs from epithelial tissue
The athymic mouse xenograft system provides a
ource of abundant HPV 11-infected epithelial tissue
rom which CCEs can be purified (Brown and Bryan,
000). Foreskin tissue was infected with purified HPV 11,
mplanted, and removed from mice 90 days after implan-
ation (Brown et al., 1994; Kreider et al., 1987). Control
enografts were not infected with HPV 11, but were
therwise treated in an identical manner.
Implant tissue was minced using a scalpel and then
xtracted three times for 15 min at 100°C in 0.2% extraction
uffer (0.2% EBN) containing 100 mM Tris–HCl, pH 8.0, 0.2%
DS, and 5 mM EDTA, but no reducing agents. Pelleted
aterial was suspended in 500 ml of 0.2% EBN and then
layered onto 3% Ficoll in 0.2% EBN. CCEs were separated
from large tissue fragments by centrifugation at 1000 g for
15 min at room temperature. CCEs were visible in the
gradient as a sharp white band and were collected, pel-
leted, and washed three times with 0.2% EBN. The pres-
ence of intact CCEs was verified by phase-contrast micros-
copy. CCEs were suspended in 0.2% EBN and stored at
4°C.
Purified, intact CCEs have been shown to contain abun-
dant proteins not directly associated with the CCE structure
(Yaffe et al., 1993). To produce CCE fragments, a portion of
CCEs derived from uninfected and HPV 11-infected tissue
was sonicated twice for 60 s using a Fisher Sonic Dismem-brator (Model 300) with the intermediate size tip, at a setting
60% of maximum output. Sonicated CCE fragments were
examined by phase-contrast microscopy to ensure that
less than 1% remained intact. CCE fragments were pelleted
and washed with 0.2% EBN three times. A portion of CCE
fragments was then extracted two additional times as
above in 0.2% EB, containing 100 mM Tris–HCl, pH 8.0, 0.2%
SDS, 5 mM EDTA, 10 mM DTT, and 130 mM b-mercapto-
ethanol. The pelleted CCE fragments were washed with
0.2% EBN to remove reducing agents, resuspended in 0.2%
EBN, and stored at 4°C.
Immunoblot analysis of CCEs for E1 Ù E4 protein
Intact CCEs and CCE fragments (prepared with and with-
out reducing agents) were pelleted, and an equal pellet size
of each preparation (approximately 20 ml) was heated to
100°C in Laemmli buffer. Samples were briefly centrifuged
to pellet insoluble proteins, and the soluble proteins were
applied to 15% SDS–PAGE gels. Immunoblots were per-
formed as previously described (Brown et al., 1992), using
preimmune rabbit serum or anti-E1 Ù E4 serum.
igestion of CCEs with cyanogen bromide
Cyanogen bromide cleaves proteins, including inter-
inked proteins found in CCEs, at methionine residues,
ielding detectable quantities of soluble protein fragments
n immunoblots (Yaffe et al., 1993). CCE fragments purified
sing reducing agents were suspended in 10% formic acid
ith 5% by weight, cyanogen bromide. Digestion was per-
ormed at room temperature, in the dark for 72 h. Reactions
ere quenched with 5 vol of water, and samples were
esiccated. Samples were heated to 100°C in Laemmli
uffer, and undigested insoluble CCE fragments were re-
oved by centrifugation. Supernatants, containing digested
CE peptides, were analyzed by 15% and 10% SDS–PAGE
nd immunoblots as described above. Silver stains were
erformed using the Silver Stain Plus kit from Bio-Rad
aboratories (Hercules, CA).
mmunofluorescence and immunoelectron microscopy
f CCEs
CCE fragments derived from HPV 11-infected human
pithelium or uninfected human epithelium were pre-
ared as above and washed three times in PBS-T (PBS
ontaining 0.01% Tween 20) and then incubated for 2 h in
3 Diluent/Blocker (Kirkegaard and Perry) at 4°C. CCE
ragments were washed in PBS-T and then incubated in
3 Diluent/Blocker containing either preimmune rabbit
erum or anti-E1 Ù E4 serum at a 1:500 dilution. In addi-
tion, anti-involucrin monoclonal antibodies were added
to each CCE preparation at a dilution of 1:100. Antibodies
were removed by washing CCE fragments in PBS-T three
times, and secondary antibodies were added. For immu-
nofluorescence studies, a goat anti-rabbit FITC conju-
gate (Dako Corp., Carpinteria, CA) and a goat anti-mouse
BB
B
N
R
R
R
R
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S
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Y
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269E1 Ù E4 PROTEIN AND CCEsrhodamine conjugate (Roche Diagnostics Corp., India-
napolis, IN) were added at a dilution of 1:250. For immu-
noelectron microscopy studies, goat anti-rabbit (labeled
with gold beads, 15 nm) or goat anti-mouse (labeled with
gold beads, 5 nm) were added at a 1:60 dilution (Amer-
sham Pharmacia Biotech, Inc., Piscataway, NJ). Second-
ary antibodies were incubated with CCE fragments for
16 h at 4°C, and unbound antibodies were removed by
washing three times in PBS-T.
CCE fragments were examined at 488- and 590-nm
wavelengths for immunofluorescence studies. For immu-
noelectron microscopy, CCE fragments were suspended
in 3% gluteraldehyde prior to fixation and sectioning.
Transmission electron micrographs were taken at a mag-
nification of 34,0003.
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